anxiety or distress as outcomes. Researchers should pay attention to measurement invariance when using HADS to compare carer subgroups OBJECTIVES Around 40% of carers of people with dementia have clinically significant anxiety, depression or other psychological symptoms (1) . Such psychological morbidity is predictive of elder abuse (2) and breakdown in care with associated economic implications (3) . Since there are clinically(4) and cost effective(5) interventions, it is important to be able to assess and detect anxiety and depression in this group.
The Hospital Anxiety and Depression Scale (HADS) (6) is a 14-item self-report measure that is brief, measures both anxiety and depression and can be used in those with comorbid physical health problems (6) . The HADS is recommended in European consensus guidelines for carers of people with dementia (7) and has been used as the primary outcome measure in large clinical trials in this group (4, 8) .
Despite widespread usage, there are concerns about the validity of the HADS. In particular, there is no consensus as to the underlying factors it measures (9) . This is critical as without clear understanding of this 'structural validity', measurements cannot be adequately interpreted (10).
To our knowledge, no study has examined the factor structure of the HADS in a sample comprised solely of carers of people with dementia. Lack of consensus as to factor structure in the carer literature, with some trials interpreting the HADS as measuring a single factor of distress (4) and others (11) as well as clinical recommendations (7) , interpreting it as a two factor measure of anxiety and depression. Findings from the non-carer literature cannot be directly applied. Multiple studies have suggested that the HADS can differ in factor structure across even populations that appear superficially similar (e.g. patients with different health conditions) (9) measuring one factor (12) in one population and two (6) or even three factors, in others (9, 13) . It is also possible that the validity and utility of HADS items may vary in dementia carers compared to other groups, by virtue of their experience (e.g. grief) (14) and demographic characteristics (e.g. a high proportion of older adults) (15) . In the light of such issues it is recommended (9) that HADS structure be evaluated in each population with which it is used, with reliability of conclusions enhanced through cross-validation in a separate sample (9) and validity confirmed through as expected correlations with related measures (16) .
Importantly, examination of HADS structure in carers specifically also allows assessment of measurement invariance to determine whether the HADS can be accurately used to examine differences between subgroups of carers (17) . This is of considerable import because carers are a heterogeneous group and researchers are often interested in whether particular characteristics of carers (e.g. gender, kinship, cohabitation with person with dementia, or age) impact on anxiety or depression (18, 19) .
Hence, in the current study, we examine the usefulness of the HADS in a sample of carers of people with dementia, evaluating its factor structure to determine interpretation as an outcome measure or clinical tool, concurrent validity to reinforce conclusions and measurement invariance to inform comparisons across subgroups of carers.
METHODS Design
This is a cross-sectional, secondary data analysis of baseline data from the 'Carer Support Programme/Remembering Yesterday Caring for Today (CSP-RYCT)' trial (11) with crossvalidation in a sample comprised of baseline data from the 'Befriending and Cost of Caring (BECCA)' trial (8) .
Participants 291 participants took part in the CSP RYCT trial (11) and 236 in the BECCA trial (8) All participants were carers to at least one person diagnosed with dementia of varying subtypes (Alzheimer's disease, vascular dementia and others) according to DSM-IV criteria. The recruitment procedures and sample for the trials have been described elsewhere (8, 11) . Since seven individuals from the CSP RYCT trial and six from the BECCA trial did not complete the HADS and this data was missing completely at random (Little's MCAR p<0.05), their data were removed from analyses (20) . Thus 284 participants were included in the initial analysis and 230 in the cross-validation analysis. Demographic and clinical characteristics for both samples are presented in Table 1 . Ethical approval for use of CSP-RYCT data was given by the Outer North East London NHS Research Ethics committee (reference number: 09/H0701/54) and for the BECCA data by the Eastern Multi Regional Ethics Committee (01/5/48). All participants gave written informed consent.
Instruments

The HADS
The HADS comprises 14 items each rated from 0-3, with higher scores indicating greater anxiety/depression. The anxiety and depression subscales each have seven items, a maximum score of 21 and cut offs of 11 for caseness (6) . While structural validity and measurement invariance are not clear (9) , reliability and other forms of validity are well established in noncarer populations (21) .
The PANAS
We used the PANAS as a preliminary measure of concurrent validity as it was the best available measure in the dataset, having well-established patterns of association with the HADS in a large sample of healthy volunteers (22). It consists of two 10-item mood scales and was developed to provide brief measures of positive and negative affectivity (23) 
Statistical Analyses
We used confirmatory factor analysis (CFA) to test the fit of the HADS data with the three most commonly proposed factor structures: the original two-factor model (6), the one-factor model (12) , and Dunbar et al.'s three-factor non-hierarchical model (24). Diagrams illustrating these models are shown in Figure 1 . For all models, independence of error terms was specified, and factors were allowed to correlate. The metric of latent variables was set by fixing the loading of one of the indicators for each variable at 1 (25) . CFA was performed in R(version 3.2.2) (26) statistical software using Lavaan (27) and Semtools (28) packages.
Where assumptions of univariate normality (assessed by Shapiro Wilks' test) and multivariate normality (assessed by Mardia's test) were not met, Satorra Bentler corrected (robust) indices were used to examine fit of models (29).
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In line with recommendations, we assessed model fit using the indices below:
The We used information about how well individual items fit within a CFA model to supplement fit indices data (25) . Items with standardized residual values in excess of 2.58 and high modification indices were classified as misspecified (30) . We used standardized residuals and modification indices to improve ('re-specify') models through specification searching (25) .
Once a good fitting model was obtained, we examined parameters for interpretability, size and statistical significance, and the presence of out of range values (25) .
We assessed obtained factors for concurrent validity with the PANAS using bivariate correlations. Where data were normally distributed, we used Pearson's r and, where not, Spearman's Rank (31). To evaluate hypotheses that the size of correlations between particular PANAS subscales and particular HADS subscales would significantly differ from one another, we used Steiger tests(32) .
Measurement invariance of the HADS is necessary if it is to be used to test for differences in anxiety and depression across subgroups of carers. Measurement invariance is assumed if individuals in different groups with the same levels of the latent construct have the same expected raw-score on the measure (17) . To test for measurement invariance of the HADS, we split the data into subgroups in terms of four variables that are related to anxiety and/or depression in the literature (18, 19) ; gender, age ( <65 vs ≥ 65), kinship (vertical or horizontal) and cohabitation status. Following this, we examined the final model derived from CFA for the different types of measurement invariance (configural, metric, strong and strict) through comparison of progressively more constrained models, with a change in CFI greater than 0.01 taken to indicate change in model fit across constraints and therefore lack of invariance between groups(33) .
To enhance reliability of findings we re-ran (cross-validated) the CFA and measurement invariance analyses in the BECCA dataset.
RESULTS
Descriptive data for the HADS items are shown in Table 2 . Carers in the CSP-RYCT and BECCA samples generally reported low levels of depression and anxiety, and consequently data was univariate non-normal with positive skew. Data for original and cross-validation samples were skewed with non-normal kurtosis, thus robust CFA indices were used to examine model fit in original and cross-validation analyses. 
Internal consistency and Concurrent validity
Internal consistency of the depression (=0.85) and anxiety scales (=0.87) was good, with internal consistency of the negative affectivity scale adequate (=0.77). As expected, correlations between scores on all HADS-scales and those on PANAS-PA/NA were large, significant and in the expected direction. In line with previous literature(22), the HADS depression scale had a significantly larger negative correlation with PANAS-PA than either the HADS anxiety or HADS negative affectivity subscales (t (264)= 5.76 and 5.15
respectively, p<0.001). Also in line with expectations, the HADS negative affectivity scale had a significantly larger correlation with PANAS-NA than the HADS depression subscale (t 
Measurement invariance
We assessed measurement invariance of the best fitting structure (three factors, item five removed) across groups differing on important variables having first divided the CSP-RYCT and BECCA data divided into subgroups according to gender, age (<65 vs ≥65 ratio = 110:175 and 84:146 respectively), cohabitation status (cohabiting or not cohabiting) and kinship status (horizontal or vertical). With the exception of age, numbers and proportions in each subgroup in original and cross-validation samples are given in Table 1 . The results of the analysis of the different types of invariance (configural, metric, strong and strict) in the CSP-RYCT data are shown in Table 3 . Configural invariance findings indicate that on one index (CFI values above cut-off) but only just on another (RMSEA values at cut-off) the form of factor structure (three factors, item five removed) determined in the whole group applies across subgroups. Our findings suggest metric invariance across subgroups. This implies that a unit change in the value of HADS item raw scores is related to the same amount of change in a latent factor score in all subgroups. The strong invariance assumption is met for gender, kinship and cohabitation status but not age. This indicates that for gender, kinship and cohabitation status but not age, the intercepts of items (their value when the latent variable is at 0) are similar across subgroups. The lack of strong invariance across groups in age implies that there may be a systematic response bias with adults in different age groups systematically endorsing different item scores on the HADS independent of their underlying levels of anxiety, depression or negative affectivity. 
Associations between measurement invariance categories
To further explore why age was measurement variant and other variables were not when age is commonly related to cohabitation status, kinship and gender in dementia carers, we examined association of age with these variables in our sample. Results are given in Table 6 .
All variables were significantly related to age. The small and medium (rather than large) effect sizes of the associations with gender and cohabitation perhaps explain the difference between gender, cohabitation and age in invariance findings; the large effect size for association with kinship perhaps explains why the pattern of invariance results for kinship was very similar to age, but just failed to cross the significance threshold for strong invariance. Note: All  2 values significant at p<0.001; degrees of freedom for all tests were 1; the direction of the above results for both samples were that women are more likely to be older than men; cohabitees are likely to be older than nom-cohabitees, and horizontal-kinship carers are more likely to be older than vertical-Kinship carers; Effect size categories of 0.1 = small effect, 0.3 = medium effect and 0.5 = large effect were used for interpretation (34) .
(34)-
Cross-validation of measurement invariance analysis
Measurement invariance analysis on the BECCA data supported the original analysis findings for gender and kinship, which again exhibited measurement invariance at all levels, (RMSEA always <0.08, CFI > 0.9, and ∆CFI never >0.01) and age, which exhibited measurement invariance at some but not other levels (although it exhibited strict rather than strong measurement variance in this second analysis). However, unlike the original results, configural invariance was not demonstrated for cohabitation status (CFI = 0.87 and RMSEA = 0.93) thus measurement invariance is not reliably demonstrated for this variable.
CONCLUSIONS
We are the first to evaluate the utility of the HADS in carets of people with dementia. We found that, in this group, the HADS is best interpreted in terms of three factors; depression, anxiety and negative affectivity. The depression scale can be interpreted as originally intended (6) . This supports the results of recent large clinical trials, which have either used the HADS depression scale as a primary outcome (8) or shown improvement in HADS depression caseness (4) . However, the lack of utility of the original anxiety scale suggests that current clinical practice recommendations (7) might be revisited. Future clinical trials should use a three-factor interpretation of the HADS rather than the currently used one or two factor models, with depression rather than anxiety or distress used as the primary outcome.
Cross-validation
Our finding of three factors is supported by cross-validation in a separate sample and preliminary concurrent validity findings, which were as expected (22) However, for pragmatic clinical use, this interpretation of anxiety and negative affectivity is complex(16) with a lack of a simple way to understand range of symptomatology and caseness (9, 36) . Furthermore, our finding that the best fit was obtained when one item (item five) was removed from the negative affectivity scale, while in line with the literature(36) , and cross-validated in our study, reduces the size of the negative affectivity and anxiety subscales to three items each. This is likely to impact on content validity (10) with potential impact on screening sensitivity. Consequently, we suggest that use of the HADS anxiety /negative affectivity scales in carers while empirically justified, is clinically limited.
Can the HADS be used to measure across carer subgroups?
There is significant heterogeneity in the carer population and variation in characteristics such as age, gender, kinship and cohabitation status is related to anxiety or depression (18, 19) . Our measurement invariance data suggest that, in a dementia carer population, differences in HADS subscale scores between older (≥65) and younger (< 65) adults may be uninterpretable. Specifically, there may be a systematic bias in the way in which different age groups respond to the HADS that is not to do with differences in anxiety, depression or negative affectivity (17) . Consequently, research using the HADS to examine variations in anxiety and depression between those of different age groups will be difficult to understand.
In clinical work, where normative reference groups differ in age to the carer, HADS scores may be difficult to meaningfully interpret. As age and kinship are closely associated, interpretation across kinship groups may also be problematic (although this was ambiguous in our data). This difficulty in interpretation may also be the case for cohabitation status as measurement invariance findings from the original analysis were not replicated in the crossvalidation sample. As measurement invariance is clearly adequate across kinship and gender, comparisons in HADS scores across this variable can be meaningfully conducted.
Strengths and limitations
This is the first study to examine the utility and interpretability of the HADS in carers of people with dementia specifically. We assessed several international consensus defined areas of health outcome measurement quality(10) including structural validity, reliability, and construct validity through hypothesis testing. Particular strengths are use of a robust CFA approach, and assessment of measurement invariance, an important (37) and often overlooked element of validity. There are limitations. Lack of assessment of concurrent, discriminant and criterion validity are important issues given HADS usage and future research is needed. However, assessment of these validity aspects is in part dependent on understanding factor structure and when factor structure has been established in a population, these validity aspects may be less population variant (21) . Consequently, given our support for the original HADS depression scale, future carer research and clinical practice could be preliminarily informed by the well-established depression scale criterion validity data from other populations. The mean score on HADS items was low in both samples. Future work should examine this measure in samples where there is more variance and higher levels of depression and anxiety. Ethnicity may influence reporting of depression in this group and the limited numbers of Black and Minority Ethnic participants in our sample meant analysis of this was not possible. As our samples came from randomized controlled trials, our participants may differ from clinical populations, potentially limiting generalisability.
Although we evaluated the most frequently proposed structures in the literature, not all potential HADS structures were considered. Future research should examine the bi-factor structure (38) and the impact of measurement artefacts (39) . Finally, item Response Theory studies should be conducted in this population as these provide strong evidence of latent variable structure, tend to support one factor structures and are more generalizable from the sample to the population (9) .
Implications
The HADS is a measure widely used and recommended in dementia carer research and 
